ABSTRACT: Two hundred twenty-four steers (initial BW = 363 ± 1.57 kg) were used in a 2 × 3 + 1 factorial arrangement of treatments to evaluate the interactive effects of concentration of wet corn gluten feed (WCGF) and bulk density (BD) of steam-flaked corn (SFC) on feedlot performance, carcass characteristics, and apparent total tract digestibility. Diets consisted of 0, 15, or 30% WCGF (DM basis) with a BD of SFC at 283 or 360 g/L. The additional treatment consisted of 15% WCGF, SFC at 283 g/L, and a 6% inclusion of alfalfa hay vs. 9% for all other treatments. Steers were fed once daily for an average of 163 d. During a 5-d digestion period, DMI was measured, and fecal samples were collected for measurement of nutrient digestibility using dietary acid insoluble ash as a marker. There were few WCGF × BD interactions for feedlot performance, carcass characteristics, and digestibility. Similarly, contrasts between the treatment containing 15% WCGF/360 g/L SFC and 15% WCGF/360 g/L with 6% hay yielded few differences for performance and carcass data. Final BW responded quadratically (P ≤ 0.02) to WCGF inclusion and showed increased (P ≤ 0.007) BW for greater BD. As WCGF inclusion increased, G:F and calculated NE values (P ≤ 0.03) decreased quadratically. Steers consuming 360 g/L SFC had greater (P < 0.05) G:F than those fed 283 g/L SFC. Marbling score, HCW, 12th-rib fat thickness, and calculated yield grade increased quadratically (P ≤ 0.04) with increased inclusion of WCGF. Percentage of cattle grading premium Choice or greater responded quadratically (P = 0.04) to WCGF concentration. Increasing BD increased (P ≤ 0.01) HCW, dressing percent, marbling score, and 12th-rib fat thickness and decreased calculated yield grade and percentage of cattle grading Select; however, lower BD tended (P = 0.09) to increase LM area. Intake of DM, OM, CP, and NDF and fecal output during the digestibility period increased linearly (P ≤ 0.01) with increasing WCGF, and greater BD increased (P ≤ 0.04) intake of DM, OM, starch, and CP. Starch digestibility decreased quadratically (P = 0.008) as WCGF increased; however, digestibility of CP and NDF increased (P ≤ 0.02) linearly as WCGF increased. The 283 g/L BD increased (P ≤ 0.02) starch and CP digestibility compared with 360 g/L. These data suggest that increasing WCGF in feedlot diets with a greater BD of SFC can increase performance and carcass characteristic, but it might not be ideal for starch digestibility.
INTRODUCTION
Steam flaking is the most common grain processing method used by beef feedlots in the High Plains . Lower bulk densities (BD) of steam-flaked corn (SFC) are known to increase starch availability; however, use of natural gas and electricity increases with degree of processing (Reinhardt et al., 1997; Brown et al., 2000) . Brown et al. (2000) suggested the most favorable BD for performance and feed efficiency was between 258 and 360 g/L.
Wet corn gluten feed (WCGF) is high in digestible fiber (Stock et al., 2000) , and the optimal dietary concentration of WCGF is known to vary with grain processing method (Scott et al., 2003) . Parsons et al. (2007) fed 40% WCGF and varying concentrations of alfalfa to finishing steers. Although complete replacement of alfalfa with WCGF was not beneficial, the increased DMI noted with diets containing both alfalfa and WCGF suggested WCGF might have some degree of "roughage value." Ponce et al. (2013) supported a potential roughage value of WCGF as performance was not hindered by high starch availability with 25% WCGF in the diet, perhaps reflecting that dietary inclusion of WCGF has been shown to decrease the severity of ruminal acidosis (Krehbiel et al., 1995) .
Cost per unit of energy is typically less for grains than for roughages, which favors decreasing the use of roughages in feedlot diets. Nonetheless, dietary concentration of roughage is related to DMI by feedlot cattle (Galyean and Defoor, 2003) , and Galyean and Abney (2006) reported that total dietary NDF was associated positively with intake of NEg by feedlot cattle. Indeed, small increases in dietary NDF from roughage can increase NEg intake and thereby ADG by feedlot cattle, with little effect on G:F (Galyean and Abney, 2006) . The objectives of our experiment were to evaluate interactive effects of varying BD of SFC and concentration of WCGF on feedlot cattle performance, carcass characteristics, and apparent total tract nutrient digestibility.
MATERIALS AND METHODS
All procedures involving live animals were approved by the Texas Tech University Animal Care and Use Committee (protocol number 11048-07).
Animals
British crossbred steers (n = 240; arrival BW = 289 kg) from Matador, TX, were received at the Texas Tech University Burnett Center near New Deal, TX, in July 2012. On arrival, steers were individually weighed (Silencer chute; Moly Manufacturing, Lorraine, KS; mounted on Avery Weigh-Tronix load cells, Fairmount, MN; readability ±0.45 kg). Initial processing included the following procedures: application of individually numbered tags, vaccinations against viral (Bovi-Shield Gold; Zoetis Animal Health, Madison, NJ) and clostridial diseases (Vision 7 with SPUR; Merck Animal Health, Summit, NJ), treatment for external and internal parasites with Safeguard (Merck Animal Health) and Cydectin (Zoetis Animal Health), and subcutaneous injection with Micotil (Elanco Animal Health, Indianapolis, IN). Following processing, steers were placed in soil-surfaced pens and transitioned to a Sweet Branbased grower diet at intakes targeted to achieve shrunk ADG of 1.13 kg/d.
Approximately 2 mo after initial processing, all steers were transitioned to a 90% concentrate diet (at approximately 80% of ad libitum intake) that contained 15% WCGF on a DM basis. Two hundred twenty-four steers (BW = 363 ± 1.57 kg) were weighed individually and selected from the larger group of steers based on uniformity of BW and previous health status. These steers were ranked by ascending BW and assigned to 8 blocks. Within each block steers were assigned randomly to treatments, and treatments were assigned to pens. Each steer was implanted with Revalor-XS (200 mg of trenbolone acetate plus 40 mg of estradiol; Merck Animal Health) and given an oral dose of Safeguard (Merck Animal Health). Steers were sorted into 56 concrete, partially slotted-floor pens (4 steers/pen; 2.9 m wide by 5.5 m deep with 2.4 m of linear bunk space). Two weeks after steers were sorted to their assigned pens, an individual initial BW measurement was obtained (chute and load cells described previously; before processing and before each subsequent use, scale was validated with 454 kg of certified weights), and experimental diets were fed to provide ad libitum access to feed once daily in the morning for the duration of the experiment. Quantities of feed delivered on the first day of the experiment were adjusted to account for differences in DM concentration among the treatment diets, and the quantity of feed delivered to each was increased gradually over approximately the next 2 wk until ad libitum consumption was achieved.
Treatment and Experimental Design
A 2 × 3 + 1 factorial arrangement of treatments was used in a randomized complete block design. Factors consisted of BD of SFC (283 or 360 g/L [22 or 28 pounds/bushel]) and WCGF concentration (0, 15, or 30% of the dietary DM) plus an additional treatment of a diet containing 15% WCGF and a 360 g/L flake density, with the dietary roughage concentration decreased to 6% of the DM compared with 9% in the other diets. The treatments will subsequently be defined as follows: 0% WCGF and 283 g/L flake (0-283), 0% WCGF and 360 g/L flake (0-360), 15% WCGF and 283 g/L flake (15-283), 15% WCGF and 360 g/L flake (15-360), 30% WCGF and 283 g/L flake (30-283), 30% WCGF and 360 g/L flake (30-360), and 15% WCGF and 360 g/L flake with 6% chopped alfalfa hay (15-360-6) . Diets (Table 1) were formulated to contain at least 13.5% CP and 3% supplemental fat (DM basis). Monensin and tylosin (33 and 11 mg/kg of dietary DM, respectively; Elanco Animal Health) and vitamins and minerals to meet or exceed NRC (1996) requirements were incorporated into a premix (Table 1) .
Grain Processing, Feed, Weighing, and Routine Management
The steam-flaking process was conducted as described by Ponce et al. (2013) . To ensure that target BD values were achieved, flaking density was monitored by using a hand-type density tester (hanging-scale bushel weight tester) each time steam-flaking took place (1 to 2 times per week), and samples were collected. Samples of SFC were allowed to air dry and then stored at -20°C until composited across the study period and ground in a Wiley Mill (Thomas Scientific, Swedesboro, NJ) to pass a 2-mm screen. The WCGF used in the experiment was stored in bulk on a concrete floor inside a covered barn (with open garage doors at both ends) and was sampled weekly to determine DM content, using the same method described subsequently for feed samples.
Feed bunks were evaluated at approximately 0730 h each day to estimate orts and to adjust daily feed calls to ensure ad libitum access to feed. The feed bunk management approach was to achieve ≤0.45 kg of dry orts in the bunk each day. Diets were mixed in the paddle mixer and transferred by a drag chain conveyor to a tractorpulled mixer and delivery unit as described by Ponce et al. (2013) . The mixer was checked for residual feed between dietary treatments to minimize cross-contamination.
Nonshrunk BW measurements were taken before the morning feed delivery at 35-d intervals. Individual BW measurements were taken on d 0 and 35 and just before shipment to slaughter. Other interim BW measurements (d 70, 105, and 140) were obtained on a pen basis (scale readability ±2.3 kg; scale validated with 907 kg of certified weights before use). Before collection of BW measurements, feed bunks were cleaned 
Feed Sampling
The DM content of mixed feed samples collected from the feed bunks each week of the study and samples of ingredients that were collected every other week was determined by drying in a forced-air oven at 100°C for approximately 24 h. At the end of the experiment, feed bunk samples of the 7 experimental diets along with SFC samples collected during the steamflaking process were composited and sent to a commercial laboratory (Servi-Tech Laboratories, Amarillo, TX) for analyses of various chemical components.
Digestion Period
On d 50 of the study period, a digestion phase similar to that described by Ponce et al. (2013) was conducted. Samples of the experimental diets and orts were collected daily from d 50 through 55, and 2 samples were taken, 1 for analysis of DM, with the other stored frozen for later chemical analysis. Fecal samples were collected from the concrete pen floor from at least 2 animals per pen immediately after defecation (Ponce et al., 2013) . Collection of fecal samples occurred at approximately 0800 and 1630 h and d 52 through 56. Processing, drying, and grinding of feed, orts, and fecal samples were done as described in Ponce et al. (2013) .
Carcass Evaluation
When approximately 60% of the cattle within a BW block were deemed to have an external fat cover sufficient to grade USDA Choice, they were transported to a commercial abattoir (Tyson Fresh Meats, Amarillo, TX). Shipping occurred on d 155 for the 5 heaviest BW blocks and on d 176 for the remaining 3 blocks. Personnel from West Texas A&M University collected HCW data, and the in-plant camera system was used to determine other carcass measurements. Dressing percent (DP) was calculated from HCW divided by nonshrunk final BW. Carcass-adjusted final BW (average DP across treatments = 62.80%) and carcass-adjusted ADG and G:F were calculated as described by Ponce et al. (2013) .
Laboratory Analyses
Total and available starch concentrations in composited SFC samples were determined by a commercial laboratory (Servi-Tech Laboratories). Analysis of acid insoluble ash, total starch, N, and OM were conducted on samples of diets, orts, and feces collected during the digestion phase as described by Ponce et al. (2013) . Neutral detergent fiber was determined using an Ankom 200 Fiber Analyzer (Ankom Technology, Macedon, NY) as described by Quinn et al. (2011) . Apparent total tract digestion of DM, OM, CP, NDF, and starch was calculated as follows: 100 -100 × [(AIA concentration in feed/AIA concentration in feces) × (nutrient concentration in feces/nutrient concentration in feed)]. Nutrient concentrations were corrected for orts (i.e., orts-corrected quantity of nutrient consumed divided by orts-corrected quantity of DM consumed).
Statistical Analyses
Data were analyzed using the Mixed procedure (SAS Inst. Inc., Cary, NC) with pen as the experimental unit. Weight block was considered a random effect, and treatment was a fixed effect. Single-degree-offreedom preplanned contrasts were used to compare 1) BD of SFC, 2) 15-360-6 vs. all other treatments, 3) 15-360-6 vs. 15-360, 4) linear and quadratic effects of WCGF concentration, and 5) interactions between BD of SFC and WCGF concentration. Quality grade data were analyzed as binomial proportions using the Glimmix procedure (SAS Inst., Inc.) with block as a random effect. For all analyses, an α level of 0.05 was considered significant, with values between 0.05 and 0.10 considered as a trend.
RESULTS AND DISCUSSION

Chemical Composition
The average moisture content of SFC samples taken from the storage bin throughout the experiment was 19.6 (SD = 0.67) and 20.0% (SD = 1.63) for the 283 and 360 g/L treatments, respectively. Chemical composition of the experimental diets is shown in Table 1 . Most values were consistent with the chemical composition of the ingredients based on diet formulation and NRC (1996) tabular values. Concentration of CP was greater than expected from tabular values for all diets, with a relatively larger difference for diets containing WCGF. The general increase in CP for all diets suggests that alfalfa and corn as well as WCGF likely contained a higher concentration of CP than assumed for diet formulation. Although reasonably similar across treatments, analyzed ether extract composition was slightly less for all diets than expected. Sulfur content was slightly greater in diets with 30% WCGF concentration than in the other treatments. Total starch was slightly greater for more extensively processed SFC, and enzymatic availability of starch increased from 47 to 72% as BD decreased. Our results for starch availability are consistent with previous studies by Zinn (1990) 
Cattle Performance
Treatment means for feedlot performance and NE values calculated from performance data using methods described by Vasconcelos and Galyean (2008) are presented in Table 2 . Live and carcass-adjusted final BW responded quadratically (P ≤ 0.02) to WCGF inclusion. Bulk density of 360 g/L showed an increased (P = 0.007) live final BW of 12 kg greater than a BD of 283 g/L. Similarly, carcassadjusted BW was greater (P < 0.001) for the 360 g/L treatment. In Ponce et al. (2013) , similar numerical results were observed for BD with both live and carcass-adjusted final 2 Pooled standard error of treatment means; n = 8 pens/treatment.
3 Contrasts: L = linear and Q = quadratic effects of WCGF. *P < 0.05; †P < 0.10; NS = not significant. 4 Observed significance level for the main effect of bulk density.
5 W = WCGF; D = Density. Observed significance level for the interaction of WCGF and bulk density.
6 Contrasts: 1 = 15-360-6 vs. average of all other treatments; 2 = 15-360-6 vs. 15-360. *P < 0.05; †P < 0.10; NS = not significant. 7 A 4% shrink was applied to final live BW to yield final shrunk BW (FsBW). Carcass-adjusted BW (Adj. FsBW) was calculated from HCW divided by the average dressing percent across treatments (62.80%) and adjusted by a 4% shrink. Carcass-adjusted ADG was calculated from carcass-adjusted final shrunk BW, initial BW, and days on feed, with carcass-adjusted G:F calculated as carcass-adjusted ADG divided by average DMI for d 0 to end. Blocks 1 through 3 were fed for 176 d, and blocks 4 through 8 were fed for 155 d.
8 Dietary NEm and NEg values were calculated as described by Vasconcelos and Galyean (2008) .
BW although differences were not statistically significant. No significant interactions or main effects were detected for ADG (P ≥ 0.11); however, there was a tendency for ADG to be greater (P ≤ 0.08) for steers receiving the 15-360 diet than for those fed the 15-360-6 treatment from d 0 to 140 and from d 0 to the end of the of the experiment on both a live and carcass-adjusted basis. Numerically, the effects of WCGF on ADG followed a similar quadratic pattern as observed for final BW; however, the lack of statistical significance agrees with findings of Macken et al. (2004) , who reported no differences in ADG when WCGF was fed at 0, 10, 20, 25, 30, and 35% in SFC-based diets.
In contrast, results of some experiments have supported increased or quadratic responses in ADG with increasing WCGF concentration (Firkins et al., 1985; Ham et al., 1995; Block et al., 2005) whereas others have reported tendencies (Richards et al., 1998; Scott et al., 2003; Farran et al., 2006) for a WCGF response. Except for the tendency (P ≤ 0.08) for an interaction between WCGF concentration and BD in the first 70 d, no differences (P ≥ 0.11) were observed for DMI. Results of Richards et al. (1998) and Macken et al. (2004) support these findings although Macken et al. (2004) noted a tendency for decreased DMI when WCGF was excluded from SFC-based diets compared with diets that contained from 10 to 35% WCGF. In contrast to our results, increased or quadratic responses in DMI have been observed with increased WCGF concentrations in SFC-based diets (Scott et al., 2003; Block et al., 2005) . According to calculations of Block et al. (2005) , optimal inclusion of WCGF in terms of DMI occurred at 37% in their experiment.
Interactions between BD and WCGF concentration were detected for G:F for d 0 to 70 (P = 0.04) and d 0 to 105 (P = 0.003) but not for other periods or for the overall study period (P ≥ 0.15). Increasing concentration of WCGF affected G:F quadratically (P = 0.04), with averages of 0.161, 0.166, and 0.158 for inclusion levels of 0, 15, and 30% WCGF, respectively. This finding is consistent with observations of Block et al. (2005) , who reported a quadratic response for G:F when feeding diets with WCGF at concentrations of 0, 20, 30, and 40%. In addition, our findings support their prediction of an optimal WCGF concentration of 17% for G:F.
The G:F was greater (P = 0.05) at 360 g/L than at 283 g/L on a carcass-adjusted basis although no differences (P ≥ 0.37) were detected on a live basis. Similarly, G:F tended to be greater (P = 0.09) for the 15-360 treatment than for 15-360-6 on a carcass-adjusted basis. There was a tendency for interactions (P ≤ 0.07) for calculated NE values and a decreasing quadratic effect with increasing WCGF for calculated NE values.
Results for BD were similar to those in Ponce et al. (2013) , as treatment differences were not detected for ADG or DMI, but contradict their results for G:F, which was not significantly affected by BD. There was, however, a numerical difference for G:F in Ponce et al. (2013) of similar magnitude to that in the present experiment, with G:F increasing from 0.153 to 0.157 with greater BD on carcassadjusted basis. Moreover, a tendency for decreased NEg with increasing BD was observed by Ponce et al. (2013) . We did not observe this response although NEg numerically decreased with increasing BD from 1.45 to 1.43 Mcal/kg of DM. Because of the interaction between WCGF and BD observed for NE values and the presence of 25% WCGF in treatments used in Ponce et al. (2013) , the present numerical differences are more similar to trends for BD in Ponce et al. (2013) when the treatments without WCGF are excluded from the comparison, which further supports an interaction between WCGF and BD for NE values.
Similar to our results for BD, Hales et al. (2010) did not detect treatment differences for ADG or DMI between SFC at 335 and 386 g/L. Likewise, Zinn (1990) reported few effects of BD on feedlot performance with a tendency for decreased feed efficiency at the lightest BD (300 g/L). This finding is consistent with the decrease in carcass-adjusted G:F with 283 g/L BD noted in our results. Zinn (1990) suggested that the cause of decreased G:F could be digestive dysfunction because a decrease in ruminal pH with lesser BD was observed in a metabolism component in his experiment. In another study, linear decreases in DMI, ADG, and final BW were noted as BD of steam-flaked sorghum decreased (Swingle et al., 1999) . Although no significant differences were detected for DMI and ADG in the present experiment, carcass-adjusted final BW for steers receiving 360 g/L SFC was 4% greater than for steers receiving 283 g/L SFC. With regard to G:F and ADG, Sindt et al. (2006) did not detect treatment effects when 310 and 360 g/L SFC were fed. Given that our BD of 283 g/L negatively affected carcass-adjusted G:F and final BW, the comparison of present results and those of Sindt et al. (2006) could suggest that over processing of SFC in terms of starch availability might occur somewhere between 310 and 283 g/L in terms of effects on feedlot performance. This comparison has limitations, however, as inclusion of feedstuffs were not the same between studies and measurement of BD can vary among facilities.
With respect to the tendencies for a difference in ADG with the 15-360-6 compared with the 15-360 diet, decreased ADG with decreased dietary roughage concentration has been observed by Farran et al. (2006) and Parsons et al. (2007) . Parsons et al. (2007) reported decreased G:F as alfalfa inclusion increased from 4.5 to 9%, but similar to present results, no differences were detected for final BW. Furthermore, the lack of difference in BW and most performance measures supports the hypothesis of WCGF having a "roughage value" and is consistent with the ability of WCGF to mitigate the negative effects of subacute acidosis (Reinhardt et al., 1997) . On the other hand, Farran et al. (2006) reported that within diets containing 35% WCGF, increasing alfalfa in the range of 0 to 7.5% decreased feed efficiency. Linear increases in final BW and DMI also have been reported with increasing dietary roughage (Farran et al., 2006; Parsons et al., 2007) . Although at notably lower inclusion than in the present experiment, Sindt et al. (2003) examined 2 or 6% alfalfa in WCGF diets and did not detect differences for alfalfa inclusion, adding support for the case of WCGF moderating acidosis. Further research on WCGF and roughage concentration would be beneficial to determine the combination of roughage and WCGF that optimizes feedlot performance.
Carcass Characteristics
Treatment averages for carcass characteristics are presented in Table 3 . Hot carcass weight (P = 0.02), marbling score (P = 0.005), 12th-rib fat thickness (P = 0.04), and calculated yield grade (P = 0.03) increased quadratically and KPH tended (P = 0.06) to increase linearly with increased inclusion of WCGF. In addition, percentage of cattle grading Premium Choice or greater responded quadratically (P = 0.05) to WCGF concentration, with lower values for the 15% WCGF diets. In Ponce et al. (2013) , no effects of BD were detected for HCW; however, a numerical increase in HCW was evident with increased BD. Wet corn gluten feed often affects HCW in diets containing dry-rolled corn or barley (Firkins et al.,1985; and SFC (Scott et al., 2003; Block et al., 2005) . In contrast, no differences in HCW were reported by Macken et al. (2004) with WCGF up to 35% of the DM in SFC-based diets or when comparing 0 to 40% WCGF (Parsons et al., 2007) in SFC-based diets. Nonetheless, in a second experiment, Parsons et al. (2007) observed greater HCW for diets including WCGF when comparing 0, 20, and 40% WCGF inclusion. In general, effects on HCW can be attributed to the response of DMI and ADG when WCGF is included in the diet.
With respect to other carcass characteristics, Scott et al. (2003) reported greater yield grade and 12th-rib fat in cattle fed diets containing 22% WCGF although no differences were noted for diets with 32% vs. 0% WCGF. These findings are consistent with present results as inclusion of WCGF spanned 0 to 30% and quadratic effects of WCGF on these measurements were observed. Farran et al. (2006) also reported increased 12th-rib fat thickness for steers fed WCGF, but increased LM area was also detected, which was not observed in the present experiment. The lack of a WCGF effect for LM area is supported by findings of Block et al. (2005) , Macken et al. (2004) , and Parsons et al. (2007) . In contrast to our results, differences in marbling score have not typically been observed with varying concentrations of WCGF (Scott et al., 2003; Macken et al., 2004; Block et al., 2005; Parsons et al., 2007) . Similarly, differences in quality grade have not typically been observed with inclusion of Table 3 . Carcass characteristics of steers fed finishing diets containing 0, 15, or 30% (DM basis) wet corn gluten feed (WCGF) with steam-flaked corn at bulk densities of 283 or 360 g/L and 9% alfalfa hay or a low-roughage diet with 6% alfalfa hay WCGF in feedlot diets although Parsons et al. (2007) reported a greater percentage of USDA Choice cattle with 20 and 40% WCGF compared with 0% WCGF as well as greater USDA Choice carcasses for 20 vs. 40% inclusion. Differences between our results for carcass data and the literature, particularly marbling score and quality grade, could be attributable to differences in the genetics of the cattle used in various experiment and thereby the ability of the cattle to deposit intramuscular fat. In the present study, a relatively low percentage of USDA Select carcasses was noted across all treatments. Greater BD increased (P ≤ 0.008) HCW, DP, marbling score, and 12th-rib fat thickness and decreased (P ≤ 0.02) calculated yield grade and percentage of cattle grading Select; however, lower BD tended to increase (P = 0.09) LM area. Consistent with these results, a linear increase in DP was noted by Ponce et al. (2013) as well as numerical decreases in calculated yield grade and percentage of USDA Select carcasses as BD increased. Likewise, Reinhardt et al. (1997) and Swingle et al. (1999) observed increases in HCW for heavier vs. lighter BD. In addition, a greater percentage of USDA Choice (or greater) carcasses was reported in steers consuming heavier vs. lighter BD for steam-flaked sorghum (Xiong et al., 1991; Swingle et al., 1999) . Hales et al. (2010) also observed a similar tendency for increased Choice carcasses for cattle fed SFC-based diets when 386 g/L was compared with 335 g/L BD. The results of Theurer et al. (1999) are consistent with those of the present study as fat thickness and DP decreased linearly as BD decreased.
In contrast to the results of the present experiment, a linear increase in LM area and no treatment effects of BD on marbling score or 12th-rib fat were noted by Ponce et al. (2013) . In addition, Sindt et al. (2006) and Zinn (1990) reported no effect of BD on carcass characteristics. Likewise, aside from quality grade, Hales et al. (2010) did not detect differences between BD for carcass characteristics. Reinhardt et al. (1997) observed an increasing linear effect on KPH from lighter to heavier BD, and Swingle et al. (1999) reported a similar trend.
No interactions between WCGF and BD (P ≥ 0.13) or differences between 9 and 6% roughage with the 360 g/L BD (P ≥ 0.13) were detected. The lack of difference in carcass characteristics between 9 and 6% roughage agrees with research conducted by Sindt et al. (2003) although a tendency for linear interaction between alfalfa hay inclusion and WCGF was noted for LM area in their study, with a linear decrease in LM area for WCGF concentration at 2% inclusion of alfalfa hay and a linear increase in LM area with WCGF in diets containing 6% alfalfa hay. The findings of Parsons et al. (2007) , which were conducted at the same facility as the present experiment, contradict our results, but the results of the largepen, commercial study reported by Parsons et al. (2007) agree with present findings. The first study noted linear increases in HCW with added WCGF whereas DP, fat thickness, and yield grade responded quadratically with decreasing roughage concentration. In the large-pen, commercial study, no effects of roughage concentration on carcass characteristics were detected in SFC-based diets containing WCGF (Parsons et al., 2007) .
Nutrient Intake and Digestibility
Dietary concentrations of OM, CP, starch, and NDF for treatment diets during the 5-d digestion phase are presented in Table 4 . Treatment means for intake and digestibility are presented on Table 5 . Interactions between WCGF and BD were not observed (P ≥ 0.27) for DM, OM, CP, or starch intake; however, an interaction was detected for NDF intake (P = 0.02). Intakes OM, CP, and NDF increased linearly (P ≤ 0.01) with WCGF inclusion during the 5-d digestion phase, which can be attributed to increased DMI of diets with greater concentrations of WCGF. Although a quadratic trend (P = 0.10) was observed for starch intake, this was somewhat expected, as the replacement of SFC with a feedstuff with lower starch content would lower starch intake despite the increasing linear response of WCGF on DMI. Fecal DM output also increased linearly (P = 0.007) with WCGF concentration, which is consistent with the results of Bierman et al. (1999) .
Treatments containing 360 g/L BD SFC had greater (P ≤ 0.04) DM, OM, starch, and CP intakes but no difference in NDF intake (P = 0.24) or fecal DM output (P = 0.13) compared with 283 g/L. These findings agree with the results of Xiong et al. (1991) , Reinhardt et al. (1997) , Swingle et al. (1999), and Brown et al. (2000) , all of whom reported increased DMI in diets with greater vs. lesser BD. Contrary to the present results, Zinn (1990) and Hales et al. (2010) did not observe differences in DMI as a result of differences in BD. Contrasts between 15 and 360 and 15-360-6 revealed no differences (P ≥ 0.28) for DM, OM, starch, and CP intake, but NDF intake was greater (P < 0.0001) for the 15-360 diet than for the 15-360-6 diet, which is reflected in the increased (P = 0.02) fecal DM output for 15-360 vs. 15-360-6. When the 15-360-6 diet was compared with an average of all other treatments, differences were observed (P < 0.001) for starch intake at 4.65 vs. 3.92 kg/d, respectively, in addition to decreased NDF intake (P < 0.001) and fecal DM output (P = 0.009), but no differences were observed for DM, OM, or CP intake (P = 0.47). Because the 15-360 diet contained 9% alfalfa hay compared with 6% alfalfa hay in the 15-360-6 diet, the differences between these treatments in terms of NDF intake and fecal output are not surprising. The 15-360-6 diet also contained more starch because of the 3% increase in SFC, so increased starch intake was expected, despite a nonsignificant difference in DMI compared with the 15-360 treatment.
When contrasting 15-360-6 and all other treatments for total tract digestibility, 15-360-6 had greater (P ≤ 0.02) digestibility for DM, OM, and CP, with a tendency (P = 0.06) for greater digestibility of starch. Increased (P ≤ 0.05) digestibility of DM and CP also were observed for 15-360-6 vs. 15-360. No differences (P ≥ 0.48) were detected for NDF digestibility for either contrast. Evaluations of digestibility for WCGF diets with a decreased roughage concentration are very sparse in the literature. Bierman et al. (1999) compared diets with 0% roughage, 7.5% roughage from corn silage and alfalfa hay, and 7.5% roughage with WCGF at 41.5% of the dietary DM. Both DM and N digestibility were decreased in diets containing WCGF, but in contrast to present results, no differences between 7.5 and 0% roughage were noted (Bierman et al., 1999) . Theurer et al. (1999) conducted 3 experiments with varying BD and different roughage sources in finishing diets with roughage inclusion ranging from 12 to 6% on a DM basis. These authors found no differences in DM digestibility but detected differences in digestibility of starch, CP, NDF, and ADF that depended on the experiment.
In terms of total tract digestibility, no interactions (P ≥ 0.52) between WCGF and BD were observed, other than for NDF digestibility (P = 0.04). Increasing WCGF concentration did not affect (P ≥ 0.36) DM or OM digestibility; however, starch digestibility decreased (P = 0.008) quadratically with increased WCGF in the diet. This finding contradicts the results of Montgomery et al. (2004) , who observed increased starch digestibility for 40% WCGF compared with excluding WCGF in diets containing SFC and 20% alfalfa hay. In addition, no differences in starch digestibility were detected between diets containing 25 and 45% WCGF. In agreement with our results, differences in digestibility of DM and OM were not observed when beef heifers were fed highmoisture corn diets with and without WCGF (Hussein and Berger, 1995) . Likewise, Firkins et al. (1985) did Table 5 . Effects of bulk density of steam-flaked corn in diets containing 0, 15, or 30% (DM basis) wet corn gluten feed (WCGF) with steam-flaked corn at bulk densities of 283 or 360 g/L and 9% alfalfa hay or a low-roughage diet with 6% alfalfa hay on nutrient intake and apparent total tract digestibility by finishing beef steers during the 5-d digestion period 2 Pooled standard error of treatment means; n = 8 pens/treatment.
6 Contrasts: 1 = 15-360-6 vs. average of all other treatments; 2 = 15-360-6 vs. 15-360. *P < 0.05; †P < 0.10; NS = not significant. not detect differences in DM digestibility when lambs were fed corn or corn plus WCGF although Sindt et al. (2003) reported an increase in OM digestibility in SFC diets containing 25% compared with 45% WCGF. Present results reflect a linear increase in NDF digestibility (P ≤ 0.01) while also indicating a tendency (P = 0.10) for an increasing quadratic response as WCGF increased. In addition, CP digestibility increased linearly (P = 0.01) as WCGF increased. In contrast to the present data, no differences were detected for NDF and N digestibility for lambs or heifers by either Firkins et al. (1985) or Hussein and Berger (1995) , respectively, although dryrolled corn was used in these experiments as opposed to SFC in the present study. Bierman et al. (1999) reported decreased N digestibility when WCGF was added to dryrolled corn diets. Comparable to our results, Montgomery et al. (2004) observed that added WCGF increased the percentage of digestible NDF and suggested this response was caused by an increase in fermentable fiber associated with increased NDF intake from WCGF. Increased passage rate of Yb also was detected, which further supported increased NDF digestion by suggesting decreased particle size (Montgomery et al., 2004) .
In the present study, increasing BD decreased (P = 0.02) digestibility of starch and CP although DM, OM, and NDF digestibility did not differ (P ≥ 0.63) among treatments. Consistent with these results, a linear decrease in digestibility of starch and a tendency for decreased CP digestibility with increased BD was noted by Ponce et al. (2013) . Furthermore, the present findings agree with the results of Zinn (1990) , Swingle et al. (1999) , and Theurer et al. (1999) , all of whom reported increased total tract starch digestibility with decreased BD. Zinn (1990) also detected increased N digestibility, which was consistent with our findings. In a study evaluating steam-flaked sorghum, a tendency for increased CP digestibility with decreasing BD was observed, but when SFC was evaluated in a comparable manner no difference in CP digestibility was noted . Likewise, Swingle et al. (1999) did not detect differences in CP, and Sindt et al. (2006) did not observe differences for starch or N in response to changes in BD; however, similar to our findings, Sindt et al. (2006) did not detect differences in OM digestibility. Information regarding NDF digestibility in response to BD is limited although Swingle et al. (1999) observed a linear decrease in NDF digestibility as BD decreased, which contradicts present results. Theurer et al. (1999) conducted 3 experiments with varying roughage sources, reporting no differences in NDF digestibility in diets containing alfalfa hay and wheat straw but a linear increase with decreased BD in an experiment containing alfalfa hay and cottonseed hulls. These authors suggested that experimental conditions, roughage source, or increased CP and fiber inclusion for certain treatments were possible reasons for differences in digestibility . In the present study, the BD × WCGF interaction for NDF digestibility reflected the variable responses to BD as NDF digestibility increased with increasing concentrations of WCGF.
Overall, data from this experiment are interpreted to suggest that increasing BD of SFC and increasing WCGF inclusion can yield equal or greater performance and carcass characteristics to diets with lesser BD and no WCGF; however, this approach might not be ideal for starch digestibility. Further research would be beneficial to determine the optimal concentrations of WCGF and roughage to achieve optimal feedlot performance. Suggestions for future experiments include evaluating different roughage inclusion rates and sources, such as alfalfa hay, cornstalks, or cottonseed hulls, with WCGF concentrations up to 30% in SFC-based diets.
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